Divergence of dispersal regimens has been suggested to be the selective basis for the evolutionary differentiation of agonistic phenotypes found in natural populations of house mice. Dispersal propensity may, therefore, be expected to exhibit heritable variation in wild house mice, ultimately related to motivational differences causing observable differences in agonistic behaviour. To test for heritable components in dispersal propensity in wild house mice, father-offspring regressions of dispersal latencies from residential social groups were determined in standardized seminatural social settings. To evaluate potential motivational causes of phenotypic variation in dispersal behaviour, all test animals (fathers, sons, and daughters) were scored prior to the dispersal experiment in a standardized behavioural test, at 60 d of age. Activities were monitored in a 1 m 2 square test arena during 10-min observation periods. Test arenas exhibited four equidistant openings leading to cages containing fresh, own, sibling, or foreign bedding material. The apparatus allowed for scoring anxiety, exploratory activity, and kin preference. Subsequently, test animals were exposed to a resident population in a semi-natural enclosure providing a dispersal opportunity. Father-son regressions of dispersal latencies were significantly positive, but no significant relationship was found for daughters. Dispersal latency decreased with increasing exploratory activity scores in males, but increased in females. Anxiety as well as kin preferences did not affect dispersal propensity. Hence sex-linked, motivational components reflect heritable social behaviour variation in male house mice that may ultimately be caused by diverging dispersal regimens.
Introduction
Dispersal behaviour has long been recognized as one of the key life-history traits, in mammals (Gaines & McClenaghan 1980) . In rodent ecology, population structure and dynamics strongly depend on, but also affect, timing, rate, distance and sex-and cohort-specifity of dispersal (Moore & Ali 1984; Chepko-Sade & Halpin 1987; Ims 1989; Motro 1991; Stenseth & Lidicker 1992; Johannesen & Ims 1996; Aars et al. 1999; Richardson et al. 2001) . From a functional point of view, a maturing individual would have to optimize its fitness by trading-off costs of dispersal, e.g. starvation and predation risk (Boero 1999) , with the costs of philopatry (Arnold & Dittami 1997; Clutton-Brock et al. 2001 ) because of inbreeding depression (Wolff 1992; Thornhill 1993 ) and local competition for resources (Johnson & Gaines 1990; Lambin 1994) . While the latter would certainly be reduced with knowledge of the habitat to disperse into (Johnson 1989) , exploration costs have only rarely been incorporated into dispersal decision determination (Johnson & Gaines 1987) , although exploration for outside breeding opportunities certainly takes place in small rodents (Solomon et al. 1998) .
Moreover, the evolutionary significance and proximate causation of variation in individual dispersal decisions in rodents is hardly understood (Stenseth & Lidicker 1992) . In an exceptional study of naked mole rats (Heterocephalus glaber), dispersing individuals exhibited higher pre-dispersal weights and fat reserves, higher levels of luteinizing hormone, and increased locomotor activity (O'Riain et al. 1996) , indicating phenotypic variation (Ôdis-persive morphÕ) in physiological and behavioural determinants of dispersal propensity. In Belding's ground squirrels (Spermophilus beldingi), dispersers were found to be heavier than non-dispersers, as well (Holekamp 1984) . So far, evidence on genetic polymorphisms of dispersal behaviour is scarce, although empirical studies suggest heritable factors to be in effect (Cockburn 1992) . Theoretical work predicts polymorphism to evolve in meta-populations (Olivieri et al. 1995; Kisdi 2002 , and references therein), particularly in meta-populations characterized by strongly fluctuating demographics and a source-sink structure, which is a typical house mouse population scenario (Selander 1970; Berry 1981) . The most striking empirical evidence of a genetic dispersal polymorphism in a mammal comes from a molecular genetics study in Rhesus macaques (Macaca mulatta). Here, a mutation in a serotonin transporter gene promoter causes the age of natal dispersal to differ by more than 1 yr (Trefilov et al. 2000) . Hence, to fully understand the causation of variation in dispersal propensity of individuals, basic research into its physiological and genetic determination under controlled experimental conditions appears indispensable.
An indication of dispersal propensity to have underlying heritable components in house mice is given in a study of descendants from three natural populations. These differed in chromosome complement because of Robertsonian translocations (Gropp & Winking 1981) , and concomitantly in agonistic, both behavioural and morphological traits (Corti & Rohlf 2001) . Corti & Rohlf (2001) suggest that this differentiation is congruent with different dispersal regimes applying to the natural habitats of those three populations. This reasoning implies the presence of heritable agonistic behavioural components that cause dispersal behaviour to adapt to local circumstances via differences in agonistic phenotype (Corti & Rohlf 2001) . The motivational foundation of such differences might involve several aspects of social coping strategies, i.e. of strategies to respond to aversive social situtations (sensu Wechsler 1995; Koolhaas et al. 1999) . First, some aspect of anxiety as quantified in standardized behavioural tests (Holmes et al. 2000) might be responsible for differences in observable agonistic behaviour differences, as anxiety has been found to differ between male wild house mice of different aggressiveness and dominance status (Ferrari et al. 1998) .
Exploratory behaviour tests have also been used to quantify risk assessment aspects of the ÔanxietyÕ phenotype (Rodgers 1997; Ramos & Morme`de 1998; Choleris et al. 2001) . However, the relationships between a multitude of standardized behavioural measures of anxiety and other aspects of emotionality or social coping are far from straightforward (Rodgers 1997; Ramos & Morme`de 1998; Blanchard et al. 2001) . Hence, standardized behavioural tests of anxiety and exploration activity can give hints as to whether motivational individual differences relate to observable behavioural variation. However, straightforward conclusions on the underlying motivational mechanism appear not feasible. The approach is nonetheless of heuristic value, as emotionality is well known to exhibit heritable variation in mice and rats (reviewed in Ramos & Morme`de 1998) . Hence, if a link between standardized behavioural measures and dispersal propensity could be established, genetic mechanisms can be studied that lie at the basis of behavioural ecological variation.
Kin preferences might represent another aspect of motivational differences that could lead to differences in dispersal propensity. While inbreeding avoidance has been a major argument in dispersal research (see above), and kin differential behaviour certainly is a fundamental ingredient of mammalian and house mouse behaviour (Fletcher & Michener 1987; Barnard et al. 1991) , the effects of individual variation of kin preferences have not yet been investigated in mammals. Hence, it is not known whether there is significant individual or even heritable variation of kin preferences. However, kin preference in mate choice (Krackow & Matuschak 1991) as well as intra-sexual kin preferences (Kareem 1983 ) depend on physiological (oestrous) condition and are subject to habituation in house mice. Variation, including heritable variation, of the extent of kin preference might, therefore, be anticipated. Notably, house mice of different subspecies and chromosomal races have been found to differ in their extent of genotype preference (Benzekri et al. 2002; Smadja & Ganem 2002) . Clearly, social coping behaviour in house mouse demes that predominantly consist of kin groups would be affected by kin preference variation. Hence, one might expect dispersal propensity to relate to differences in kin preference, should they exist.
In house mice, dispersal has been quantified under controllable semi-natural conditions, showing that mice disperse at about 2-3 mo of age, and dispersal is strongly sex biased and pre-reproductive (Lidicker 1976; van Zegeren 1980) , clearly relating to environmental conditions, e.g. food availability (Strecker 1954; Nelson et al. 2002) . A detailed ethological study (Gerlach 1990 (Gerlach , 1996 confirmed that nearly all male offspring disperse from the natal deme during their third month of life, unless an individual has been successful in supplanting the current territorial male. Dispersal does not appear to be elicited by dominant males because of sexual maturation, as young males exhibited functional testes well in advance of dispersal (Gerlach 1996) . This is in agreement with findings in other small, social mammals that appear to leave their natal deme according to internal decisions, i.e. in the absence of enforcement by other group members (e.g. rabbit Oryctolagus cuniculus, Kü nkele & von Holst 1996; naked mole-rat H. glaber, O'Riain et al. 1996) . Dispersal was preceded by increased numbers of agonistic interactions of the dispersing male with other members of the deme, predominantly the territorial male (Gerlach 1996) . Hence, endocrinological changes independent of sexual maturation appear to initiate individual dispersal behaviour. The fact that same-aged brothers differed strongly in timing of dispersal indicates that phenotypic plasticity in house mice might be comparable with that found in naked mole rats (O'Riain et al. 1996) . Females, on the other hand, appear to stay at their natal deme as long as there is a chance of starting breeding within that deme. Otherwise (at higher local population densities), females disperse at about the same age as males, but without exhibiting observable increases of overt aggression (Gerlach 1990 ). These studies exemplify plasticity of dispersal behaviour and indicate that sexual and individual differences in dispersal propensity of house mice do exist and can readily be studied in semi-natural enclosures.
The aim of the current study was to reveal a potential heritable basis of dispersal propensity in wild house mice subject to a standardized social situation, and its relation to motivational differences that are measurable in a simple standardized behavioural test situation. To achieve this, behavioural scores were taken of laboratory raised males that were thereafter exposed to a resident population, at 2 mo of age. The delay to leave that group was thought to reflect dispersal propensity, as animals had to cross a water barrier to leave the enclosure, a behavioural task that has been shown to measure quite accurately dispersal tendency under natural conditions, in house mice (Nelson et al. 2002) . Father-offspring regression should indicate heritable components, and correlations of dispersal latencies with behavioural test scores of anxiety, exploratory activity, and kin preference, should hint at proximate motivational mechanisms.
Methods
Breeding animals were Mus musculus musculus (2n ¼ 40 chromosomes) caught on a farm in the vicinity of the city of Rostock, northern Germany, except for parents of residential animals (see below) which were caught within the city. Mice were maintained under standard laboratory conditions with food and water ad libitum, subject to natural light regime. Breeding pairs were kept in perspex polycarbonate cages (42.5 · 26.5 · 15 cm), and litters were weaned at 21 d of age.
Experimental Animal Breeding and Testing Protocol
All experimental animals were separated after weaning into single cages (26.5 · 20.5 · 14 cm) and scored in the behavioural test apparatus at 60-63 d of age. Thereafter, a subset of these animals was tested for dispersal delay from residential populations. Of the 124 males of the first laboratory born generation (F1) that scored in the behavioural test, 35 males from 24 breeding pairs (hereafter termed fathers) were tested for dispersal delay from the same residential population. These males were mated after experimentation, at random, to non-sib F1 females of about 2 mo of age, and they were separated when females became visibly pregnant. From these matings, 113 female and 107 male young were scored in the behavioural test apparatus. Of those, 43 sons of 29 fathers, and 33 daughters of 27 fathers, deriving from 22 breeding pairs in both cases, were tested for dispersal delay using three residential populations different from the one used in the paternal tests.
Standardized Behavioural Tests
Behavioural scores were taken by placing the animals in an opaque polyvinyl chloride (PVC)-box (10 · 10 · 10 cm) with a removable top into an 100 · 100 · 14.5 cm square test arena. The test arena was connected at the middle of each side to polycarbonate cages (26.5 · 20.5 · 14 cm) that were equipped with Petri dishes containing fresh laboratory bedding, bedding from the test animalsÕ own cage, bedding from a same-sex full-sib, or an unrelated (non-sib) individual. Beddings were assigned randomly before each trial. The test apparatus was cleaned thoroughly between trials, and trials were carried out between 09.00 and 11.00 hours.
Oestrus condition of females was determined by standard vaginal smear analysis. One hundred and sixty-eight beddings were from females in Dioestrus, 53 in Pro-oestrus, and 114 in Metoestrus. This distribution did not differ between kin groups: 62, 11, 38 for non-sibs; 57, 19, 35 for sisters; 49, 23, 41 for test females themselves (G ¼ 6.48, df ¼ 4, ns). Females or bedding of females in oestrus were not used, as it is known that females in oestrus exhibit differential behaviours as well as that oestrous femalesÕ odours invoke differential preference reactions (Krackow & Matuschak 1991) .
After transferring the test animal into the arena, the top of the transfer box was removed and the arena was covered by a perspex plexi-glass sheet. Subsequent behaviour was video-taped and the frequency of entering connected cages and of sniffing at the bedding material was taken for the first 10 min after the test animal left the transport box.
Three motivational measures were taken from this behavioural test. First, emergence time from the darkness of the transfer box into the well-lit open arena was taken as a measure of anxiety, as in a dark-light emergence test (cf. Kishimoto et al. 2000) . Secondly, the overall number of entries into adjacent cages was taken as a measure of exploratory activity, as commonly applied in elevated plus-maze tests (Holmes et al. 2000) . Thirdly, kin preference was taken from the relative frequency of sniffing at Petri dishes of the different odours, as routinely used in choice tests (Barnard & Fitzsimons 1988; Krackow & Matuschak 1991) . This measure was estimated as Helmert's contrasts in repeated-measures anovas on the frequency of sniffing at beddings of the four odour classes. Helmert's contrasts (GLM; SAS Institute Inc. 1989) defined the difference between fresh bedding and the mean of the other three odours, that of own bedding vs. the mean of sib and non-sib malesÕ bedding, and that of sib vs. non-sib values.
Residential Populations and Dispersal Apparatus
Four male and four female mice were introduced into a 2 · 4 m semi-natural arena that was divided into seven compartments by PVC barriers (30.5 cm high, leaving space to be passed at the edges). Nest boxes and feeding stations were distributed within the enclosure, as indicated in Fig. 1 . Animals were transpondered and an automatic device consisting of a balance, transponder antenna, reader, and a computer, allowed for tracking body weights of the individuals at the only water station within the enclosure. An exit (dispersal tube) led to a water basin that had to be passed in order to reach a cage provided with water and food at the other end (Fig. 1) .
To allow those eight residential animals to accommodate and produce offspring, they were left undisturbed for at least 6 wk, with the dispersal tube shut. None of the residential animals crossed the water barrier thereafter. Young were removed prior to weaning (age 12-16 d). Invariably, one male became territorial, patrolling and dominating the other males, while one to three females became reproductive during the experimental period. In two cases, a non-territorial male managed to defend a nest box. These males have not been observed patrolling the enclosure. All animals gained weight during the residential period. Thus, the residential populations confronted all experimental animals with the similar social situation of eight reproductively active adults. Variation was further minimized by using the same population for all fathers and three (different) ones for the offspring, i.e. trials with sons and daughters were randomly assigned to one of three enclosures. Also, population growth was prevented by pre-weaning removal of all young produced. All experimental males became subordinates during their stay in the residential population and had tail scars from dominant male attacks. None of the female test animals became pregnant after the test, and none had visible tail scars.
Dispersal Delay Test
Test animals were placed into the residential population enclosures within their home cages between 13 and 14 h, three at a time to avoid fatal accidents because of overt aggression from territorial males on test animals (Gray et al. 1999) . Body weight, and, in fathers, foot length were measured prior to the start of the experiment, and oestrous condition was determined in females. The cage tops were then gently removed and test animals usually stayed for about half an hour within their cages (Table 1) before entering the enclosure. Subsequently, they explored the enclosure when they encountered residential animals and eventually found the dispersal tube. Direct ad lib observations of social interactions were made with fathers during the first half hour after transfer into the enclosures. Thereafter, video tape analysis yielded the time to first entering the dispersal tube.
For fathers, the time for crossing the water barrier (dispersal delay) was determined by video surveillance, i.e., the time of the last sighting of an animal entering the dispersal tube was assumed to be the time of dispersal. To identify individuals, test animals were dyed with Nyanzol D patterns (Krackow 1993 ) the day before start of the experiment. All experimental animals of the next generation were transpondered and their arrival at the dispersal cage was automatically registered by a reader-data logger system. Social interactions and time of first entrance into the dispersal tube were only documented for fathers. Trials ended when test animals dispersed or after 1-4 wk, depending on logistic limitations. Hence, some dispersal delay values represent censored data. Dispersed animals were left in the dispersal cage for at least one further night after they were found in the cage. None of the dispersed animals returned into the residential enclosure. In the dispersal trials, I determined for fathers the latency to leave their home cage, to first contact the dispersal tube, and the number of agonistic interactions per minute within the first half hour after placement into the residential population enclosure was determined for fathers. In addition, body weight and foot length were recorded, as well as age at start of the test. For offspring test animals, weight was taken and, in females, oestrus condition determined, at the start of the experiments.
Statistical Analyses
Effects of variables on dispersal delay were tested using failure-time models for log-transformed values allowing for censored data, assuming Weibull error distribution (LIFEREG; SAS Institute Inc. 1989). The Weibull distribution is basically similar to the exponential distribution, containing an additional parameter allowing for accelerating or decelerating rate of decay, and yielding the exponential distribution if the rate of decay is constant, i.e. the additional parameter equals 1.
Father-offspring regressions were tested using the above models with paternal latency as independent variable. This does exclude fathers that did not disperse within the observation period. Hence, in addition, offspring values were compared for fathers that did and did not disperse. Moreover, the analyses did not consider potential dependency of data from animals tested together. Concomitant testing of three individuals at a time was unavoidable for experimental reasons (see above). However, familial combinations in father and offspring tests were random. This implies a rather complicated distribution of potential co-variances because of test blocks which cannot be taken into account in statistical failure-time models available to date. As offspring has been tested in different enclosures than fathers, and paternal and offspring familial composition per trial are not correlated, here disregard of potential dependencies is considered heuristically appropriate.
To test whether directions of kin preferences correlated with dispersal latency, the repeated measure of sniffing frequency was regressed on dispersal delay in anova models using Helmert's contrasts (see above). If significant, individual contrasts were tested. Again, this analyses disregarded non-dispersing father values. Hence, contrasts were also compared between dispersing and nondispersing animals.
Other standard statistical tests were applied as indicated in the Results. All tests were considered significant at two-tailed p < 0.05.
Results
Dispersal delays roughly followed an exponential decay function in fathers, sons, and daughters (Fig. 2) . However, there was strong indication of (Fig. 2) . Hence, censored data were considered representing non-dispersing animals, with a certain chance of miscategorizing three father values that had been censored after 6 d (Fig. 2) .
Dispersal Behaviour
Only one of the fathers crossed the dispersal barrier by its first entry of the dispersal tube. The other dispersing fathers left the enclosure 36.01 ± 7.52 h (range 1.26-150.59) after first entrance into the dispersal tube; hence, they had numerous contacts to the dispersal apparatus before actually leaving. Nonsystematic observations during daytime showed that experimental males of both generations continued to be subject to aggression by dominant males during their stay in the residential enclosure, while females were not seen to engage in agonistic interactions (neither at start of the experiment nor later on) -evident by the absence of tail scars in females that were found in all males.
Neither age, foot length, or weight at start of experiment, nor latency to leave the home cage or to find the dispersal tube, or the frequency of aggression received from residential males significantly affected dispersal delay in fathers (p > 0.1 in all cases; see Table 1 ). Age and weight did, also, not affect dispersal delay significantly in male and female offspring (p > 0.1 in all cases; not shown). Dispersal delays did not differ between fathers, and male and female offspring (v 2 ¼ 0.79, df ¼ 2, ns; Fig. 2 ). In offspring, there was no significant difference between the three enclosures (v 2 ¼ 2.15, df ¼ 2, ns; not shown). Furthermore, oestrous condition in females did not exhibit a significant effect on dispersal delay (v 2 ¼ 3.44, df ¼ 2, ns; not shown).
Motivational Determinants of Dispersal Delay
Males exhibited significant kin preference, but not females ( Fig. 3 ; repeated measures anova: F1 males: F 3,369 ¼ 15.56, p < 0.0001; daughters: F 3,336 ¼ 1.28, ns; sons: F 3,318 ¼ 6.65, p < 0.001). Female preferences were not significantly affected by oestrous condition (F 3,333 ¼ 1.19, ns). For F1 males and sons, all three pre-defined contrasts (see Methods) were significant (p < 0.05 in all cases), i.e. they investigated mouse odours more than clean bedding, kin more than non-kin odour, and self more than fraternal odour. Kin preference did not differ between dispersers and non-dispersers (fathers: F 3,84 ¼ 0.36, ns; daughters: F 3,66 ¼ 1.68, ns; sons: F 3,78 ¼ 1.50, ns), and was not significantly related to dispersal latency in dispersing animals (fathers: F 3,66 ¼ 0.82, ns; daughters: F 3,45 ¼ 0.19, ns; sons: F 3,63 ¼ 0.61, ns). Full-sib Non-sib Dishes contained similar amounts of unused clean bedding (Fresh) or material from the test animal's own cage (Self) or from litter-mates (brothers or sisters, respectively; Full-sib) or same-sex individuals derived from a different breeding pair than the test animal (Non-sib). Trends and contrast are significant for males, but not females (see text for statistical analysis)
Emergence time (anxiety measure) did not significantly relate to dispersal delays in any group (v 2 < 0.41, df ¼ 1, ns, in all cases). In contrast, exploratory activity highly significantly related to dispersal delays ( Fig. 4; df ¼ 1, p < 0.002). However, while correlation was positive in fathers and sons, the relationship was opposite in daughters (Fig. 4) . Oestrous condition did not relate to exploratory activity (F 2,110 ¼ 0.28, ns). There was no difference in mean dispersal delay between fathers, and male and female offspring, given the relationship to exploratory activity (v 2 ¼ 3.26, df ¼ 2, ns).
Father-Offspring Regression of Dispersal Delays
Offspring dispersal delays significantly regressed on father values (v 2 ¼ 7.07, df ¼ 1, p < 0.01), but this was only significant in males (v 2 ¼ 5.98, df ¼ 1, p < 0.02), not females ( not dispersing during the experimental period did not exhibit longer dispersal delays than offspring from dispersing fathers (v 2 ¼ 0.008, ns; Fig. 5 ).
Discussion
Adaptive variation of timing, rate, sex-and cohort-specifity of dispersal has been documented in many rodent populations, but the causes of variation at the individual level have not been scrutinized into much detail (see Introduction). The following situation is probably widespread in rodent communities: after leaving the parental deme, individuals have to find potential breeding grounds and mates. This will frequently lead to encounters with residential populations and the individual will have to decide whether to stay and investigate the potential for integration, or to disperse further. The determination of such individual dispersal propensities that must be based on some reaction norm, will then ultimately cause the variability of dispersal patterns found in ecological studies.
The current results indicate that some aspect of the dispersal decision exhibits heritable variation in male house mice as male offspring dispersal latencies regressed significantly on paternal values. This is not surprising, as it is most plausible that many of the dispersal costs resulting from environmental variation cannot directly be assessed by an individual animal. Hence, selection would shape the response rules and they will differ between environments (e.g. Olivieri et al. 1995; Travis et al. 1999; Kisdi 2002) . However, heritable variation in dispersal propensity would imply heritable fitness variation in a given environment, ultimately leading to some global equilibrium dispersal propensity value in most cases (Kisdi 2002) . Hence, heritable variation might be viewed as representing an ephemeral phenomenon in evolutionary time, unless some population characteristics preserved heritable variation because of frequency dependent selection for polymorphism. As outlined in the Introduction, such polymorphism could evolve in house mice living in strongly fluctuating meta-populations exhibiting source-sink structure. However, a rigorous test of this hypothesis awaits detailed (genetic) data on population structure in relation to dispersal propensity selection. Also, the current finding that male offspring from non-dispersing males do not exhibit longer dispersal delays than those of dispersing ones calls for further, more detailed behavioural investigation.
In males, dispersal latencies from residential populations correlated negatively with exploratory scores in the behavioural tests. Assuming that this relationship does not represent an idiosyncratic finding limited to the identity of the residential populations used in this study, it means that some character of experimental animals that correlates with the exploratory score significantly influences social coping behaviour. Exploratory scores are known to positively co-vary with aggressiveness measures in male laboratory mice (Ferrari et al. 1998) , implying that basic emotional response rules differ between individuals. Individual differences in exploratory scores might therefore imply individual differences in trading off the aversive social (residents) and physical (water barrier) stimuli, thereby affecting dispersal delays. Moreover, van Zegeren (1980) has demonstrated that selectable differences in attack latency (van Oortmerssen & Bakker 1981) in wild house mice correspond to significant father-offspring aggressiveness regression. And those aggressiveness differences have been found to correlate with quantifyable measures of social coping such as agonistic and social strategies, anxiolytic drug response, inescapable stress response, and active shock avoidance (Benus et al. 1989 (Benus et al. , 1990a (Benus et al. ,b, 1991 (Benus et al. , 1992 . Clearly, a heritable component of dispersal latency would be congruent with some heritability of aggressive components related to exploration, anxiety, and social coping, as implied to underlie between-population variation of agonistic phenotypes by Corti & Rohlf (2001, see Introduction) .
Most interestingly, despite considerable variation the exploratory score related significantly to dispersal delay also in females, but in the opposite direction. This indicates that exploration in females serves a different function than in males. Of course, both males and females would have to find a nesting place within or near a territory (to ensure mating partners), hence, both would have to evaluate territories for suitability and then decide whether to stay or disperse further. However, costs of staying in an established territory in males are high because of continuous aggressive attacks by the resident males, while in females aggressive interactions appeared to be much less severe. Further dispersal, on the other hand, implies some further delay of reproduction in females, but may not in males, as they could expect only very low reproductive success when facing competition by established territorial males. Hence, delaying costs have been argued to hamper female fitness much more strongly than male fitness, in rodents (Johnson 1986 ). In consequence, males arriving in a settled resident population should leave as fast as possible after realizing the social situation, which might be achieved the better the higher the exploratory activity. In contrast, females may be selected for minimizing dispersal attempts but to invest more in securing a potential nesting position, which may lead to higher staying times with higher exploratory activity.
Although these conjectures are merely speculative, evidence from feral vole populations are in congruence: male dispersal rates are higher than female ones and male dispersal rates depend more strongly on population density than female ones (Sandell et al. 1990 ). Significantly, female dispersal increased when neighbouring territories were artificially emptied of voles (Microtus oeconomus), but male dispersal did not (Gundersen et al. 2001 ; but see Dobson 1982 for a caveat regarding clearing experiments). Obviously, the social composition of potential new areas is of higher importance to males than to females, who are mainly interested in finding nesting sites irrespective of the presence of other females. This is also in agreement with females not showing higher interest in non-related samesex urine in the current study, while males do (cf. Humphries et al. 1999) .
Lastly, female dispersal delay did not show heritable components. This is in agreement with heritable components of the agonistic phenotpye in wild house mice to depend on the Y-chromosome Sluyter et al. 1996; Miczek et al. 2001) . Interestingly, maternal aggressiveness is inversely related to anxiety in females (Maestripieri & D'Amato 1991) , but positively in male laboratory mice (Ferrari et al. 1998) . Clearly, the underlying motivational basis for the interrelationships of aggressiveness and anxiety differ between males and females. It may therefore be concluded that sex differences in genetic determination of the agonistic phenotype ultimately result from sex differences in functions of these motivations for dispersal propensity, i.e. for the optimization of life histories.
Conclusions
The current report of sex differences in heritable and motivational components of the propensity to disperse from residential populations has important implications. First, it raises the questions of why and how heritable variation of such a strongly selected life-history trait is maintained in house mouse populations. Secondly, it is yet a matter of speculation which behavioural trait actually is subject to selection, i.e. whether the differences are due to basic motivations like anxiety or aggressiveness, or more specific behavioural elements of exploratory and/or dispersal behaviour. And thirdly, the current results give first hints as to the ultimate causation of the puzzling interrelationships between aggressiveness, anxiety, and social coping behaviour identified in the experimental animal behaviour literature, and sex differences in those behavioural syndromes (see references above). That is, it identifies a fundamental, strongly sexdifferential, life history decision that must integrate all these behavioural components in order to yield adaptive social strategies.
